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1e water table in 1965, when tank SX-115 was determined to be a leaker and was removed from
service, is estimated to have been at about 1 - meters (472 feet) elevations, or 57 to 58 meters (189 feet)
bgs. Based on HNF-EP-0182, Rev. 153, SX-115 leaked 50,000 gallons of fluid (condensate plus
dissolved salt cake [mos ' sodium nitratt  in March 1965. Within days of discovering the leak, the
remaining liquid was pumped to tank SX-105 and the tank dried from self-heating. In 1988 the interior of
the tar was probed and photographed. The 1988 monitoring led to the conclusion that there was
~12,000 gallons of dry sludge in the bottom of the tank.

2.12












3.3.2.3 Cations and Trace Metals
Concentrations of major cations were determined by the inductively coupled plasma (ICP) method,
omic emission spectrometry with hi; -purity calibration standards to generate calibration curves and to
verify continuing calibration during the analysis. Dilutions of 100x, 50x, 10x, and 5x were made from
each sample to investigate and correct for matrix interferences. Details are found in U.S. Environmental
Protection Agency (EPA) Method 6010A (SW-846).

Inductively coupled plasma-mass spectrometry (ICP-MS) was used to determine trace metal
concentrations, including technetium-99 aranium-238, according to procedure PNNL-AGG-415
(PNNL 1998). This method is similar tc . Method 6020 (EPA 2000).

3.3.2.4 Alkalinity and Carbon

The alkalinity was measured for several 1:1 sediment-to-water extracts using a standard titration
method equivalent to ASTM Method D3875-97 (ASTM 1997). Inorganic and organic carbon were
determined with a carbon analyzer using procedure ASTM Method D4129-82 “Standard Test Method for
Total and Organic Carbon in Water: Oxidation by Coulometric Detection” (ASTM 1982).

3.3.3 Porewater Composition

Selected samples were packe ndrain e cells that were inserted into an ultracentrifuge. The
samples were centrifuged for up to 8 hours  several thousand m/sec/sec to “squeeze” the pore water out
of the sediment. pH, electrical conductivity and cation, trace metal, and anion concentrations were
measured on the porewater using the same techniques as those used for the 1:1 sediment-to-water
extracts.

3.3.4 Radionuclide Analysis

3.3.4.1 Gamma Energy Analysis

Gamma energy analysis was performed only on selected samples because no gamma activity above
background was found in the initial samples analyzed. Analyses were done on samples from right above
and below each geologic contact and samy s with high moisture contents. No gamma energy analysis
was performed on water or acid extracts of contaminated sediment after it was determined that no
elevated gamma activity was in the borehole se ment.

All gamma energy analyses used 60 % efficient, intrinsic germanium gamma detectors. All
germanium counters were efficiency calibr for distinct geometries using National Institute of
Standards and Technology (NIST)-traceable mixe zamma standards. Samples analyzed were 500 to 700
grams in a 500 cm’ fixed geometry. All spectra were background corrected. Spectral analyses used
libraries containing most mixed fission pro cts, activation products, and natural decay products. Control
samples were run throughout the analysis to ensure correct operation of the detectors. The control
samples contained isotopes with photo peaks spanning the full detector range and were monitored for
peak position, counting rate, ar  full-width at half-maximum. Details are found in PNNL-RRL-01, ¢
Gamma Energy Analysis, Operation, and Instrument Verification using Genie2000 Support Software”
(PNNL 1997).
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3.3.4.2 Strontium-90

Sediment for strontium-90 analysis was weighed and spiked with strontium-85. Samples were
leached overnight with concentrated nitric  d after which an aliquot of the leachate was diluted 50%
with deionized water. The resulting solutions were passed through SrSpec columns Eichrome with § M
nitric acid to capture strontium.  ae column resins then were washed with 10 column volumes of 8 M
nitric acid. The strontium was eluted from the SrSpec column using deionized water. The extract was
evaporated to dryness in a liquid s itillation vial ar  was ready for counting after adding the cocktail.
The purified strontium samples were analyzed first by gamma spectroscopy to determine chemical yield
from the added tracer and to quantify any ntamination from cesium-137. Sam; s then were analyzed
by liquid scintillation counting to determine the amount of strontium-90. A matrix spike, a blank spike, a
duplicate, and blanks were run with each sample set to determine the efficiency of the separation
procedure as well as the purity of reagents. Chemical yields were generally good with some explainable
exceptions. Matrix and blank sp 3 yields were good, bias was consistent, and blanks were below
detection limits.

3.3.4.3 Tritium

The tritium content of selected sedime  samples was determined by distillation from 1-gram samples
using PNNL method PNL-ALO-418 (199 nd a Lachat Microdistillation apparatus. The tritium was
condensed on special GORE-TEX collectors that then were analyzed by liquid scintillation.

3.3.5 Carbon Content

The carbon content was determined y ASTM Method D4129-82, 4 Standard Test Method for Total
and Organic Carbon in Water Oxidation by Coulometric Detection (ASTM 1982). Total carbon in all
samples was determined with a Cc  ometrics 1c. Model 5051, Carbon Dioxide Coulometer with
combustion at approximately 980°C. Ultrapure oxygen was used to sweep the combustion products
through a barium chromate catalyst tube for conversion to carbon dioxide. Samples were placed into pre-
combusted, tared, platinum combustion b and weighed on a four-place analytical balance. After the
combustion boats were placed intc e fir e introduction tube, a 1-minute waiting period was allowed
so that the ultrapure oxygen carrier gas c« remove any atmospheric carbon dioxide introduced to the
system during sample placement. Aftert  ystem purge, the sample was moved into the combustion
furnace. Evolved carbon dioxide was qu:  1ed through coulometric titration following absorntion in a
suleuvuu containing ethanolamine. Samp!  ration readings were performed at 3 minutes ar
combustion began and again once stabilit  1s reached, usually within the next 2 minutes. The system
background was determined by performing the entire process using an empty, pre-combusted platinum
boat. Adequate system performance was confirmed by analyzing known quantities of a calcium
carbonate standard.

Inorganic carbon contents were determined using a Coulometrics, Inc., Model 5051 Carbon Dioxide
Coulometer. Soil samples were weighed on a four-place analytical balance, then placed into acid-treated
glass tubes. The sample tubes were placed into the system and a 1-minute waiting period allowed the
ultrapure oxygen carrier gas to remove any introduced atmospheric carbon dioxide. Inorganic carbon was
released through acid-assisted evolution (5 % hydrochloric acid) with heating to 200°C. Samples were
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completely covered by the acid to allow full reaction to occur. Ultrapure oxygen gas swept the resultant
carbon dioxide through the equipment to d rmine inorganic carbon content by coulometric titration.
Sample titration readings were performed at 5 minutes following acid addition and agair  ce stability
was reached, usually within 10 minutes. K wn quantities of calcium carbonate standar  vere analyzed
to verify that the equipment was operating properly. Background values were determined.

Organic carbon was calculated by subt ting the amount of inorganic carbon from total carbon.

3.3.6 8 M Nitric Acid Extract

8 M nitric acid extraction is a protocol  ed by EPA to estimate the maximum concentrations of
regulated metals in contaminated sedimen!  at would be biologically available. We subjected aliquots of
contaminated sediment from 299-W23-19 to the acid extraction to search for obvious signs of + :vated
concentrations of chemically reactive ele  nts from leaked tank fluids.

Approximately 20 grams of oven-dric sediment were contacted with 8 M nitric acid at a ratio of ~5
parts acid to 1 part sediment. The slurries were heated to ~80° C for several hours and then the fluid was
separated by centrifugation and filtration through 0.2 pm membranes. The acid extracts were analyzed
for major cations and trace metals using ICP and ICP-MS, respectively. The acid digestion procedure is
based on EPA Method 3050B (SW-846).

3.3.7 Elemental Analysis

The elemental composition of the bulk sediment was determined by a combination of energy and
wavelength dispersive x-ray fluorescence using methods developed at PNNL. Energy dispersive x-ray
fluorescence analyses utilized a KEVEX 0810A commercial x-ray fluorescence excitation and detection
subsystem. Samples were first homogenized in a Coors high-density alumina (Al,O;) mortar and pestle.
Six hundred milligrams of the mixed sample were removed and ground a second time to ~300 mesh.
Samples then were placed between two sheets of stretched para-film and loaded into the 0810A x-ray
fluorescence unit. Count acquisition times ranged from 600 to 3000 seconds, depending on the targets
(gadolinium, iron, silver, and zirconium). Concentrations of forty-one elements (aluminum, antimony,
arsenic, barium, bromine, cadmium, calcium, cerium, cesium, chlorine, chromium, copper, gallium,
iodine, indium, iron, lanthanum, lead, manganese, molybdenum, nickel, niobium, palladium, po*---"1"-
phosphorous, thodium, rubidium, ruthenium, selenium, silicon, silver, strontium, sulfur, tellurium,
thorium, tin, titanium, uranium, vanadium, yittrium, and zinc) were obtained from each sample. Spectrum
interpretation was by the backscatter fun mental parameter approach (described in PNNL 2000a).

Wavelength dispersive x-ray fluoresce > analysis was done with a Siemens Spectra 3000 instrument,
equipped with both a flow detector to detect soft radiation from low Z elements, and a scintillation
detector for the more energetic, high Z ele:  nt radiation. Bulk, solid samples were prepared by grinding
180 to 1500 milligrams of sample to ~300 mesh and pressing it into a 3.2-centimeter-diameter pellet,
using a 27,000-kilogram laboratory press.  andard addition and similar matrix methods were used to
generate calibration curves for sodium and magnesium, which were then used to process the data.
Additional discussion of x-ray fluorescence techniques for quantitative analysis of sediment are found in
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Chapter 7 Elemental Analysis by X-Ray Fluorescence Spectroscopy, Part 3, pages 161-223 (ASA 1996)
and in the Siemens Spectra 3000 Reference Manual (1994).

3.3.8 Particle Size Distribution

Both dry sieving and wet sieving/hydrometer methods were used to determine particle-size
distributions. For the dry sieving method, 120 to - ) grams of oven-dried sediment were sieved through
a sequence of 4, 2, 1, 0.5, 0.25,0.212, 0.125, 0.063 millimeter sieves onto a p.  An auto shaker, either a
Rotap Model RX-29 or a Gilson Model SS-8R, was used.

The wet sieve/hydrometer method (ASA [1986a], Part 1; Chapter 15-5 Hydrometer Method [pages
404-408]) also was used to quantify particle-size distributions and concentrated on quantifying the silt
and clay fractions. The silt and clay separates were saved for mineralogical analyses. Samples used for
the hydrometer method were never air or oven dried to minimize the effects of particle aggregation
leading to results that are biased toward co .er material.

3.3.9 Particle Density

Particle, or grain, density was determined with pychnometers (see ASA 198 | Part 1, Chapter 14-3
Pychnometer Method) using oven-dried material. The particle density is needed to determine particle size
from hydrometer data.

3.3.10 Mineralogy

a1e mineralogy of the bulk sample, the silt-size fraction, and the clay-size fraction of selected
samples was determined by x-ray diffraction techniques. One hundre grams of bulk sample was
dispersed in 1.0 liter of 2 0.001 M solutic  of sodium hexametaphosphate. The suspensions were allowed
to shake overnight to ensure complete dispersion. The sand fraction was separated from the dispersed
sample by wet sieving through a # 230 sieve. The s fraction was separated om the clay fraction by
settling according to Stoke’s law (Jackson 1969). The lower limit of the silt fraction was taken at 2
microns. The sand and silt fractions were oven dried at 110°C and prepared for x-ray diffraction and x-
ray fluorescence analyses.

The bulk samples and coarser size fractions were prepared for x-ray diffraction analysis by crushing
approximately 0.5 grams of air-dried sample to a fine powder that was packed into a small, circt  r
holder.

Each clay suspension was concentrated to approximate 10 milliliters by adding a few drops of 10 N
magnesium chloride to the dispers ; solution. The amount of total clay in the concentrated suspensions
was determined by drying known volumes and weighing the dried sediment. The density of the slurry
was calculated from the volume pipetted and the final weight. Volumes of slurry equaling 250 milligrams
of clay were transferred into centrifuge tubes and treated to remove carbonates f owing Jackson (1969).
The carbonate-free clay fraction =n was saturated with either magnesium (II) or potassium cations.
Clay samples were mounted for x-ray diffraction analyses by the method described in Drever (1973) and
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placed onto an aluminum slide. Potassium saturated slides were air dried and analyzed, then heated to
575°C and reanalyzed.

All samples were analyzed on a Scintag diffractometer equipped with a Pelter thermoelectrically
cooled detector a1 1 copper x-ray tube. Slides of preferentially oriented clay were scar  d from 2 to 45°
20, and randomly oriented powder mounts of bulk sample were scanned from 2 to 75° 26.

Semiquantitative determination of miner: phases by x-ray diffraction was preformed according to
Brindley and Brown (1980).

In addition to x-ray diffraction, transmission electron microscopy (TEM) characterization of selected
samples was done with a JEOL 1200X electron microscope ¢ lipped with a Links detector system.
Samples were prepared for TEM by transferring a small aliquot of dilute clay slurry onto a formvar,
carbon-coated, 3-millimeter, copper support grid. The clay solution contained 0.15% tert-butylamine to
reduce the surface tension of water.

Structural formulas were derived from data collected by the TEM analysis. On average, energy
dispersive x-ray spectra of clay minerals were collected from a minimum of five particles from the same
mineral phase common to the sample. The x-ray spectra were collected and processed using the Cliff-
Lorimer Ratio Thin Section method and then converted to a structural formula (based on half-unit cell
(O10(OH); for phyllosilicales) by the me >d described in Moore and Reynolds: 389).

3.3.11 Water Potential (Suction) M :asurements

Suction measurements were made on selected sediment from the borehole using the filter paper
method PNL-MA-567-SFA-2  NL 1990). This method relies on the use of filter paper that rapidly
equilibrates with the sediment sample. At equilibrium, the matric suction in the filter paper is the same as
the matric suction of the sediment sample. 'y filter papers are placed in an airtight container with the
sediment for at least 1 week to allow s1 icient time for the matric suction in the sediment to equilibrate
with the matric suction in the filter paper.  1e mass of the wetted filter paper is subsequently determined,
and the suction of the sediment is determined from a calibration relationship between filter paper water
content and matric suction.

The relation ips used for converting the water content of filter paper to matric suction for Whatman
#42 filter paper have been determined by Deka et al. (1995) and can be expressed as:

Sm= 10%"-%Y10 for w<0.5
Sm= 103 -139%10 forw >0.5

where: Sm = the matric suction (m) and
w = ¢ gravimetric water content (g/g)

Nine samples from borehole 299-W23 ) were analyzed for water content and soil matric suction.
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3.3.12 Semi-Volatile Organic Analyses

Regulators from the Was ngton State Department of Ecology expressed strong interest in having
some of the sediment samples from bore ~ + 299-W23-19 characterized for regulated organic
constituents. It was agreed that the most likely candidates would be semi-volatile organics that may have
survived the self-boiling tank environment and several years existence in the vadose zone. Therefore, six
samples from borehole 299-W23-19 were analyzed for volatile organic compounds. One san  : was
from the backfill above the tank to serve as a background sample and five samples were  1m the base of
geologic contacts or in the finer-grained se« nents within the Har »  and Plio-Pliestocene formations.
Depths of the 5 sediment samples were 22.8 meters (74.4 feet), 38.1 meters (125 feet), 42.1 meters (138
feet), 45.3 meters (148.5 feet), and 47.2 meters  54.7 feet).
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Figure 4.1 Moisture Content in Vadose Zone Sediment Profile at Borehole 299-W23-19
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Fe K Mg Na Si Sr SO, Mn
(milligra
Sample am ms per |(milligrams| (milligram: milligrams (milligrams
1D (ft bgs)® Dil. Fac. Katio (ug/L) | (ug/L) |s per hiter)| (ug/L) liter) | per liter) | per liter)  per liter) |(ug/L){ per liter) |(ug/L)
42 194.55 17 10 1.00 15095 257 109 15152 61 39 250 245 990 144 394
43B 204.50 16.25 1.00 421 487 280 487 72 91 267 156 126& 120 123
43A 205.15 41.39 1.00 <500 2691 173 435 101 30 411 421 1064 714 28

(a) multiply by 0.3048 to convert to meters
dup = a duplicate water extract on a separate aliquot of sediment

aft = water extract AFTER ultracentrifugation to remove actual porewater
SK# — sediment from air-rotary sock not from core barrel.

Extracts with incorrect water-to-sediment ratios are highlighted in orange and blue
Note that some analytes are reported a< 1o/l and others milligrams per liter
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iply by u.3u4s 10 convert 10 meters

: actual porewater obtained by ultracentrifugation

ates |  sediment-to-water extract / ultracentrifugation to remove porewater
with incorrect water-to-sediment r: : highlighted in orange.

v+~ -1 some analytes are 1 orted as ug/L and others mg/L
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If dilution was the only reason for a decrease in concentrations of mobile constituents with depth,
then the ratios of one constituent to another should remain constant. Table 4 ) gives the ratios of the
water extract of various constituents to nitr. : or to technetium-99 from sediment in well 299-W23-19,

The data in Table 4.10 show that the ratios technetium-99-to-nitrate, chloride-to-nitrate, and chloride-
to-technetium-99 are fairly constant throughout the borehole suggesting that these three constituents
migrate through the vadose zone together a  do not interact with the sediment (in reality the constant
ratios could also mean that they have the se 2 Kj or sorption tendencies with the sediment). The other
ratios show some variation with depth suggesting that those metals and trace metals undergo some
reaction with the sediment. As the ratio of a given constituent with nitrate or technetium-99 decreases,
the reaction of that constituent with the se ment becomes stronger and if is removed from the percolating
fluids. Ratios that show significant retardation are shaded in Tal :4.10 such that the reader can see the
depths at which the various constituents are removed from the soil water. In general, the reactive
constituents arsenic, chromium, molybdent , selenivi  and sodium have sorbed onto the vadose zone
sediment at the base of the Hanford formati  H2 unit or within the upper Plio-Pliestocene unit.

The ratio of technetium-99 to nitrate is fai -~ constant throughout the borehole at about 100 pCi/mg,
which is similar to the ratio in the groundw r at the bottom of the borehole. This technetium-99-to-
nitrate ratio is also similar to that predicted in the tank supernates at the time of the SX-115 leak. Despite
the similarity in the technetium-99 to nitrate ratios from both the vadose zone porewater and the
groundwater, contamination is much less ie vadose zone than in the groundwater. Ther »re, the
pathway of contaminants from tank SX- wrough the lower Plio-Pleistocene unit and the Ringold
Formation to groundwater must be near but up hydraulic gradient from well 299-W23-19.

A detailed look at the chemical compositions of the actual porewaters with the dilution-corrected
porewaters (see Tables 4.5, 4.7, and 4.9) sh s that the actual porewaters are consistently lower in
aluminum, iron, manganese, silicon, and sodium than are the dilution-corrected porewaters. This suggests
that the 1:1 water extract causes dissolution of small amounts of these fairly insoluble (except sodium),
major, mineral-forming elements. The s n data may reflect the dissolution of small amounts of
sodium nitrate that precipitated from the leaked fluids in the sediment although the sodium and nitrate
concentrations are well below the solubility  mit for sodium nitrate. The actual porewaters also contain
lower concentrations of the trace metals ars  ic, chromium (except sediment with high chromium (V1)
contamination), lead, and selenium an slightly larger concentrations of technetium-99 than do the
dilution-corrected water extracts.

4.28

































4.2.5 8 M Nitric Acid-Extractable Amounts of Selected Elements

Tables 15anc 16 show the concentrations of various elements extracted from the vadose zone
sediment by 8 M nitric acid. The data show that the acid-extractable concentrations of calcium,
magnesium, sodium, strontium, and perhaps chromium and manganese are greater than those from
sediment in an uncontaminated borehole (Serne et al. 2002a). The quantities of acid-extractable sodium
and chromium reflect the presence of dilute REDOX waste but the acid-extractable concentrations for the
other constituents are not indicative of leak  tank liquor. For most elements (aluminum, arsenic,
cadmium, calcium, iron, lead, magnesi , manganese, potassium, silver, strontium, and zinc), the amount
that 1s water-extractable is a very small  iction of that which is acid-extractable. The comparison of
water leachable versus acid leachal - concentrations is a qualitative estimate of species mobility. More
discussion of this is found in Section 5.
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4.2.6 Sediment Total Oxide Composition

Several samples of the bulk vadose zone sediment were crushed and analyzed by x-ray fluorescence
to obtain oxide concentration in the sediment. Additional aliquots of these same sediments were
subjected to particle-size analysis from which the sand, silt, and clay separates were retained. The clay-
size fraction (< 2 pm) was also analyzed by x-ray fluorescence to measure oxide concentrations. The
total oxide cc  position of both the bulk and clay-size separates was used to aid in the quant cation of
mineralogy that will be discussed later.

By using the x-ray fluorescence most natural element concentrations were obtained. The capability
for measuring the concentrations of only beryllium, boron, fluorine, hydrogen, lithium, and nitrogen was
not available fi  this study. Carbon content was obtained from samples of bulk sediment as discussed in
Section 4.2.4. The concentrations of beryllium, boron, fluorine, hydrogen, lithium, and nitrogen, in the
sediment 1s likely small so that a calculated oxide mass for the sediment should come close to 100 wt%
without these elements. All iron in the sediment is assumed to be ferric oxide, although some ferrous iron
is expected in the mafic components.

The results of the x-ray fluorescence analyses of the bulk sediment are shown in Table 17 and, for
the clay separates, in Table 4.18. The oxide totals for the bulk sediment vary from 93.4 to 111.8 wt%.
The sample totaling 112 wt% is from a sample of the Ringc . Formation unit E, which shows excessive
silica resulting  the high total. In general, the Hanford formation sediment from borehole 299-W23-19
is dominated by silica and alumina, as expected. Calcium, carbonate, iron, magnesium, potassium,
sodium, and titanium make up most of the remainder of the sediment. There is no large database of
Hanford formation oxide compositions against which to compare the results from borehc  299-W23-19.

ywever, a few results are available from nearby, uncontaminated boreholes (Serne et al. 2002). The
contaminated sediment in the Hanford formation H1a unit in borehole 299-W23-19 is slightly depleted in
aluminum oxide, sodium oxide, and magnesium oxide as compared to sediment in the uncontaminated
boreholes. For the coarser-grained Hanford formation H1 unit, the contaminated sediments are slightly
lower in aluminum oxide, magnesium oxide, calcium oxide, titanium oxide, and ferric oxide and higher in
potassium oxide and silicon oxide than are the uncontaminated sediments. These differences may be due
to differences in the amounts of basalt and felsic components in the sediment and not to contamination.
The Hanford formation H2 unit in borehole 299-W23-19 is slightly lower in aluminum oxide and
magnesium oxide than is the Hanford formation ® unit in the uncontaminated borehole.

The upper Plio-Pleistocene unit from borehole 299-W23-19 does not differ in oxide composition from
that in the nearby uncontaminated borehole. However, the data in Table 4.17 show that the upper Plio-
Pleistocene unit is depleted in sodium oxide, titanium oxide, and ferric oxide and enriched in potassium
oxide and magnesium oxide relative to the deeper samples from the lower Plio-Pleistocene unit just above
the Ringold Formation (sar .es 31G versus 38A and 39D).

The o1+ oxide that might show elevated mass due to contamination in the bulk sediment is sodium
oxide. However, the sodium oxide cor  nt of each lithology in borehole 299-W23-19 is not significantly
greater than sodium oxide contents for the same strata in the two uncontaminated boreholes (Serne et al.
2002a). As will be discussed in Section 5, the acid extracts do show differences between the sediment in

e contaminated and uncor minated boreholes.

4.43







































amounts of impurities included in the chemical composition of chlorite and the difficulty of partitioning
octahedral cations between the two octahedral s ts.

Large flaky aggregates of the smaller smect : particles were easily distinguished om the other clay
minerals (Figure 4.13). The aggregates tended to project thin films of smectite out from ¢ dense center
of the aggregates which incorporate some ite and iron oxides. A typical smectite aggregate exhibiting
thin films from sample 4. is shown in Figure 4 1. The following structural formula was developed
from the average TEM data collected on 24 smectites (samples 22D, 31G, and 43B):

[K+0.09C30.02]+0'13[(A13+1.OZMg2+O.42FCSYO.73Ti4+0.03)+0'2l(Si4+3.66A13+0‘34)—0'34]A0-13010(( )

2 tetrahedral sheet has negative charge resulting from substitution of aluminum (I for silicon
(IV) This negative charge is balanced by the +0.21 eq/O,4(OH); charge on the octahedral sheet and by
the interlayer cation charge of +0.13 eq/O,o(O . Tron content in the octahedral sites of all analyzed
smectites ranged from 0.38 to 1.57 atoms per O,(OH),. The interlayer cation, potassium, seemed to be
more concentrated in smectites from sample 31G as compared to samples 22D and 44B, even though each
sample was saturated with the calcium chlori  prior to the analysis. One possible explanation would be
the presence of minor amounts of illite/smectite mixed layering, especially in sample 31G. Potassium
incorporated in the illite/smectite mixed layer mineral would not be exchangeable with other cations.
Trace amounts of titanium were also detecte n most smectites examined.

1 above structural formula for smectite is anomalous in that it has a very low interlayer charge, a
high octahedral charge, and a large octahedral occupancy. These anomalies could result from impurities
in the analyzed sample and misappropriation of octahedral cations.

Kaolinite particles were platy in habit (Figure 4.15), and signs of weathering were common. The
particles appeared to be composed of many ¢ er platelets with rough edges. Analysis of several
kaolinites from each depth showed a slight s ation of iron in the octahedral sites for aluminum, as
shown in the structural formula:

(Als 90Fe0.09)S14.00010(OH)g

Additionally, minerals such as sepiolite, apatite, iron oxide, sodium plagioclase, amphibole, and
anatase possibly were detected in trace amounts during TEM analysis.

Mineral assemblages, concentrations, and structural formulas from samples of borehole 299-W23-19
were similar to data reported earlier on uncont: nated sediment from nearby boreholes (Seme et al.
2002a). No evidence of caustic tank liquorrea ag with the sediment and altering the mineral phases or
their properties was observed during the miner. tudies on samples from borehole 299-W23-19.
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Soils of varying texture (i.e., sands and silts) can have widely different water contents yet have the
same soil suction value. For example, when sand or silt materials are in equilibrium with a water table
that is 1 meter below the soil surface, the sand can have a water content of less than 10 vol%, whereas the
silt, at the same elevation and hydrostatic pressure could have a water content twice that of the sand (e.g.,
20 vol% or more). Thus, a silt layer car  readily distinguished in a sandy soil profile because of its
elevated water content. Soil can have virtually unchanging water content and still transmit significant
amounts of water; thus, water content is not a good indicator of water flux and cannot be used direc " to
predict flow rates in the vadose zone. For these reasons, it is important to couple soil suction information
with other hydrologic properties to assess the flow rates and directions in vadose zone soil.

Unsaturated flow properties include unsaturated hydraulic conductivity and water retention
characteristics (relationship between water content and matric suction values). Analogous to saturated
flow where the advective flux is the product of the saturated hydraulic conductivity and the gradient of
the hydrostatic head, in unsaturated sediment the advective flow is the product of the unsaturated
conductivity and the matric potential (or suction) gradient. The suction gradient defines the direction of
flow (from areas of low to high suction). When layered soil is draining under the influence of gravity, the
matric suction value is generally constant throughout the profile, and the drainage or recharge flux is
equal to the unsaturated hydraulic conductivity. This is called a unit gradient condition. Such a condition
is known to exist at Hanford Site waste sites, where soil has been kept bare and winter rains drain through
the profile (Gee et al. 1992). However, neither unsaturated hydraulic conductivity or water retention
characteristics have been measured directly for sediment in or around the SX Tank Farm. Only water
content has been measured by neutron logging in dry wells and nearby Resource Conservation and
Recovery Act (RCRA) monitoring wells. Unfortunately, water content does not provide direct hydraulic
characterization of the vadose zone in the tank farm.

As a part of the Vadose Zone Characterization Project, split-spoon samples of vadose zone sediment
taken from the two clean boreholes (299-W22-48 and 299-W22-50) and this borehole, 299-W23-19, were
used for chemical and physical analysis. Selected cores from the three boreholes were subsampled using
the filter paper method to determine soil suction. The analysis was similar to that provided for borehole
41-09-39 (Serne et al. 2002b and Myers et al. 1998). Soil suction results for the three boreholes are
shown in Figure 4.16. The soil suction data are reported as head values in feet, consistent with reported
depths bgs.

An equilibrium line also is shown on igure 4.16. Measured soil suction values to the left of the
equilibrium line indicate that drainage (recharge) is occurring whereas values to the right of the line
indicate that evaporation (drying or upward flow) conditions persist. For the two RCRA wells, 299-W22-
48 and 299-W22-50, it appears that water from winter rains (or perhaps other sources) has penetrated the
soil profile to depths of about 30.5 to 42.7 meters (100 to 140 feet bgs). However, below that depth the
sediment from these two uncontaminated boreholes is significantly drier (i.e., to the right of the
equilibrium line) compared to the sediment found in the contaminated borehole 299-W23-19.

For borehole 299-W23-19, the suctions are low, or sediment is relatively wet, throughout the profile,
and drainage is predicted to  : the highest of any of the three boreholes. Unit gradient conditions persist
throughout the profile for sediment from borehole 299-W23-19 but not for the two clean boreh: s
outside the tank farm operations area. If unsaturated hydraulic conductivity values were known for the
sediment in borehole 299-W23-19, rech e rates could be estimated.
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profile. Tank SX-115 contained lower tivity waste (nearly a factor of 10 less than waste found in tank
SX-108), so the corresponding heat load is expected to be less. In contrast to borehole 299-W23-19, data
collected from borehole 41-09-39 (Serne et al. 2 2b), showed cons: rable variability in s n values,
with nearly half of the suction values tc  : right of the equilibrium line, indicating that the ment had
either dried before sampling or was not in equilibrium with a draining profile or both.

It cannot be determined unequivoc:  from the available data if water-line leakage or meteoric water
sources, or a combination of both, are 1 onsible for the »w soil suction values at  rehole 299-W23-19
near tank SX-115. However, for this location, an estimated recharge rate of between 50 to )0
millimeters per year would be in line w 1 the observed drainage rates from bare gravel surface soil at
Hanford (Gee et al. 1992).
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igure 4.16. Soil Suction Profiles for  reholes 299-W22-48, 299-W22-50, and 299-W23. . Dashed
line is the equilibrium soil suctiot  1e. Drainage occurs only Hr values left of the eqn  brium line.
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In summary, suction values from cores taken from three bor oles near and in the SX Tank Farm
provide insight into deep drainage (recharge) conditions at and near Hanford Site tank farms. Outside the
SX Tar Farm, meteoric water apparently has not penetrated ; ich past the 100-foot depth. However
within the tank farm, near tank SX-115, water m natural and/or manmade sources appears to have
pen ated to the water table.

4.2.11 Results of Semi-Volatile Organic An: 'ses

Although the holding times for the samp  were exceeded and the samples reached ambient
temperature during shipment, PNNL scientists felt that testing should proceed and that the results would
be useful indicators as to whether there were r  .ated organic compounds in the contaminated vadose
zone sediments. Analyses of the six sam] s¢  the two field/trip blanks showed that no regulated semi-

v tile organics were present at detectable lev Also, there were no unidentified peaks in the
chromatograms that suggested similar organic compounds. For the background sample from the backfill
8809-8C [27.5 ft bgs]), there was an indic it bis(2-Ethlhexyl); halate might be present at 46

ug/g levels in the backfill sample. This valu w the quantitation value of 330 ug/g but above :

minimum detection limit of 36 ug/g. One of the field/trip blanks showed two small unidentified peaks on
its chromatogram that w.  : estimated to represent ~18 pg/L each of organic compounds similar to semi-
volatile compounds that were used in laboratory method ¢:  bration.

Based on the six semi-volatile organics analyses, no significant concentrations of mobile, regulated,
semi-volatile organic compounds from tank |uors reside in the vadose zone under tank SX-115.
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5.0 Contaminant Distrib! iion at Borehole 299-W23-19 as Compared
with Co :ami nt )isti >ution at Nearby Wells

This section discusses the results of this study with respect to in situ distribution coefficients and the
distribution of contaminants in borehole 299-W23-19 as compared with contaminant distributions in
nearby boreholes.

5.1 n Situ Distribution Coefficients

The analytical data collected in this study were used to estimate in situ distribution coefficients for
several contaminants. These estimates were made using the acid and water extract results. The estimate
relies on the assumption that the acid extract gives the total quantity of contaminant in the sample; that is,
the acid extract contains all the contaminant precipitated or adsorbed onto the sediment plus any
contaminant in the porewater. The estimate also assumes that the 1:1 water extracts contain the amount
of contaminant in the porewater and the extraction procedure does not remove any contaminant
precipitated or adsorbed on the sediment.

For constituents that are moderately or strongly sorbed, the amount of contaminant in the porewater is
small relative to the amount on the sediment and there is no need to subtract the small amount in the
porewater from the total amount extracted by the acid extraction. In this case, the desorption Ky is
simply the ratio of the amount of mass in the acid extract to the amount in the dilution-corrected water
extract. For constituents that show little interaction with the sediment (e.g., technetium-99), the amount
of contaminant in the porewater is n  tively large compared to the total that was extracted by the acid
procedure. For these cases, the amount of contaminant in the porewater must be subtracted from the total
amount to obtain the amount of contaminant sorbed on the sediment.

Table 5.1 shows the estimated desorption Kys derived from the measurements described in this report.
The technetium-99 desorption Kgs are consistently very low, indicating that the technetium-99 is not
interacting with the sediment. The K for the deepest sample (39D) may indicate a slight interaction of
technetium-99 with the sediment at this depth. Alternatively, the deepest sample is from a depth that was
below the historical water table and the technetium-99 in that sample may be the result of residual
groundwater. In general, the technetium-99 Kys in Table 5.1 suggest that technetium-99 is not interacting
with the Hanford Site sediment and will travel with the water that is slowly percolating through the
vadose zone. The calculated technetium-99 Kgys are very similar to those summarized by Kaplan and
Seme (1999) and Kaplan et al. (1995).

The calculated K values for chromium, and to a lesser extent for uranium, indicate a zone between
~21.3 and 32 meters (70 and 105 et bgs) in which chromium is much more mobile than in the overlying
and underlying sediment. This is in agreement with the depth distribution of chromium (Figure 4.5),
which indicates that though chromium concentrations are elevated at a depth of above 21.3 meters (70
feet), the bulk of chromium migrate i »ugh the depths between the base of the tank and ~32 meters
(105 feet) and precipitated or sorbed on the sediment between depths of ~32 and 39.6 meters (105 and
130 feet; see Figure 4.5).
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Figure 5.2 pH versus depth in five new boreholes at the SX tank farm.
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Figure 5.7 Dilution corrected techneti 199 concentrations versus depth in three new boreholes at
the SX tank farm.

The concentration of chromium and tecl etium-99, two contaminants from leaked tank fluids,
were found to be elevated in the v 1se zone sediment. Technetium-99 is thought to be extremely
mobile in the vadose zone. Figure 5.6 shows the distribution of technetium-99 versus depth for the
three contaminated boreholes at SX Tank Farm. The distribution of elevated technetium-99 generally
mimics that of electrical conduc and nitrate. Using the distribution of technetium-99, the
leading edge of the contaminant 1e 1s at depths of 41.1 and 42 to 44.2 meters (135 and 138 to 145
feet) in boreholes 41-09-39 and 2, respectively. In borehole 299-W23-19, the bulk of
technetium-99 contamination is above 47.5 meters (156 feet bgs) in the upper Plio-Pleistocene unit,
but elevated technetium-99 (between 6 an 68 pCi/L) extends to the deepest sample. The deepest
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sample contains 176 pCi/L techner m-99, which may be a result of past interactions with
technetium-99-bearing groundwaters.

In summary, | , chromium, and moisture distributions do not identify the leading edge of
¢ tar 1 tplumes inthe SX Tank Farm. However, the more mobile indicators, e.g., electrical
conductivity, nitrate, sodiu:  and te 1m suggest that the leading edge of the contaminant plume is at
a depth of 38.7 to 42 meters (127 to et)1  ore 1 41-09-39 and 42 meters (138 feet) to greater
than 44.2 meters (145 feet) (deeper 1 ebo mi 2 borehole) in borehole C3082. In these two
boreholes, the bulk of contaminatior irs to 3 significantly shallower than the leading edge of the

plume and contamination does not seem to have migrated deeper than the base of the upper Plio-
Pleistocene un  In borehole 299-W23-19, the 1lk of contamination is between a depth of 37.2 and 47.5
meters (122 and 156 feet), but small a unts of contamination may extend to groundwater.
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contamination investigated at tank SX-108 (Serne et al. 2002c¢) and at tank SX-109 (Serne et al. 2002b)
both of which have the bulk of contamination in the Hanford formation H2 unit.

6.3 Estimate of Sedi ent Recharge .ates (M: -ic Potenti:

) assess the water status in ¢ sediment, we measured the soil suction on about 10 sleeves from the
sediment profile at borehole 299-W23-19, although only one sample was from below the Plio-Pleistocene
unit where we suggest the plume has reached. ©~ ¢ measured soil suction values for the 10 sleeves from
borehole 299-W23-19 are low (i.e., sediment is relatively wet) throughout the profile and drainage is
predicted to be occurring.

aere is no substitute for actual hydraulic conductivity measurements as a function of moisture
content or direct measurement of recharge in the field, however using our simple models and years of data
for the Hanford Site water balance, an estimated recharge rate of between 50 to 100 millimeters per year
would be in line with the observed soil suction measurements on the cores from borehole 299-W23-19.

Currently, the source of soil moisture in borehole 299-W23-19, in excess of that occurring in
uncontaminated boreholes outside the tank farm, cannot be determined unequivocally from the available
data. Potential sources include natural prec it dn that is concentrated due to man-induced changes in

e surface soil inside the tank farm, leaking w  r lines, tank leaks or a combination of these.

6.4 Detailed Characterization to Clarify Controlling Geochemical Processes

Detailed characterization of selected sec t samples from borehole 299-W23-19 adds some insight
to the processes controlling the vertical distt m of contaminants and their future migration potential.
The first key finding is that the 1:1 sediment-to-water extracts give a good estimate of the sediment
porewater chemistry. This is illustrated by the close agreement between concentrations derived from the

dilution-corrected, water extracts and concel ns measured from actual porewater obtained from high-
speed centrifugation. Constituents showing est agreement are clectrical conductivity, nitrate,
sodium, and technetium concentrations. Tri also would probably show good corr .tion but tritium

was not studied in detail at borehole 299-W:

The finding that water extract and ultracentrifuged samples are comparable is in  ortant because it is
much easier to obtain water extract samples and it is now known that they can represent actual porewater.

1e actual porewaters in the sediment from >rehole 299-W23-19 were dominated by sodium and
nitrate. The most concentrated porewater was essentially 0.3 M sodium nitrate with several tenths molar
concentrations of calcium and chromate.

The nitrite distribution suggests that, once leaked into the sediment, oxidation converts the nitrite to
nitrate because the ratio of nitrite to nitrate isn  h lower in the sediment than in the tanks.

A key finding from this study is the lack of | observed, continuous vertical distribution of elevated
nitrate or any other tank constituent from the tank bottom, through the entire vadose zone, to the water
table at this borehole. There are small amou s of technetium-99 extending through the Ringold
Formation to the water table and the deepest sample contains significant technetium-99, one indication of
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